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Abstract 
During the injection molding process, whenever two distinct fronts of melted material join together they form a region where the
material properties differ from those of the base material. By analogy with metal welding, this region is named a weld line, and it 
was observed that due to its morphology, failure of a component having multiple welding lines is most likely to occur within 
those regions. The experimental aspects of this paper are focused on the welding line damage behavior and the strain assessment
was performed by means of Digital Image Correlation. Furthermore, the Cohesive Zone Model implemented in ABAQUS along 
with the Extended Finite Element Method was used for modeling the fracture behavior of the welding lines. 
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1. Introduction 
The interest in short fiber reinforced polymers for the manufacturing of injection molded components which 
should endure complex and demanding dynamic loading conditions is increasing as these materials represent a good 
alternative when lightweight design is a key parameter in the component development. On the other hand, it is well 
known that injection molded parts may contain various imperfections which can be located both on the surface and 
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in the bulk (Fu et al. 2009). These imperfections can originate from the granulate material quality, mixing problems, 
injection temperature, flow disturbances, tool design etc. (Mallroy 1994) and can be usually corrected by changing 
the design of the part or by varying the injection parameters. 
Among these imperfections, the welding lines are defined as locations where two fronts of the melt meet during 
the injection molding process. In these regions the continuity of the fiber flow is distorted resulting in a high degree 
of local inhomogeneity caused by the difference in the fiber orientations and this causes a significant reduction of 
local stiffness and the strength (Jariyatammanukul et al. 2009). In spite of all efforts, the presence of the welding 
lines in complex injection molded parts cannot be completely avoided (Patcharapun et al. 2007, Gamba et al. 2009). 
Failure localization along the weld lines is caused by operating conditions such as temperature gradients and 
loading patterns and in many practical loading situations these defects do not influence a components’ behavior 
hence to apply complex and time consuming fracture mechanics models and experiments is reasonable only for 
components which are exposed to a complex loading situations and for which crack initiation and growth can have 
severe outcomes. 
2. Experimental approach 
The aim of the initial experiment was to determine the mode I fracture behavior of the welding lines in 
polypropylene reinforced with short glass fiber 30%. In order to obtain a clearly defined weld line region in a 
geometry that can be loaded in mode I a special geometry for an injection molded plate had to be developed. The 
testing plate has 80x80 mm, 4 mm thickness and has an oval insertion close to the injection point (Fig. 1). This 
insertion ensures the separation of the melt flow. As the injection process continues, the two separated melt fronts 
meet again along the longitudinal section of the plate forming a weld line. 
Fig. 1. Injection molding plate for mode I testing geometry. 
The samples were loaded in mode I using a Bose electromechanical actuator having 100 mm linear stroke, 
equipped with a Bose LVDT capable of measuring displacements of +/- 75 mm and a 3 kN Interface Force load cell. 
The loading was done under displacement control having the load rate of 0.1 mm/s. 
Before testing, an initial notch was induced at the tip of the V-notch using a sharp blade. The crack length, strains 
across the weld line in different points, and the strain distribution during the test were monitored using the ARAMIS 
Digital Image Correlation system at a sampling rate of 25 frames per second. 
Five different samples were tested. From the force-displacement point of view the results are similar for all the 
tested samples, showing a linear slope until the critical force is reached. The value of the critical force averages at 
646 N and the critical displacement at 1.3 mm. The crack propagation occurred stable in three of the five tested 
samples (Fig. 2 (a)) and unstable for the other two tested samples (Fig. 2 (b)). The experimental results are presented 
in Table 1. 
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     Table 1. Critical values for the mode I samples. 
Test number Critical force (N) Critical displacement (mm) Remarks 
1 654 1.24 Stable crack growth 
2 654 1.25 Unstable crack growth 
3 633 1.34 Stable crack growth 
4 628 1.27 Stable crack growth 
5 664 1.37 Unstable crack growth 
Fig. 2. Force displacement curves for (a) stable crack growth; (b) unstable crack growth. 
The monitoring of the crack tip position was performed by means of Digital Image Correlation. During the test a 
series of images are captured and later processed in order to obtain a strain distribution mapped over the 3D surface 
that is being analyzed. During the post processing, according to the crack propagation path, several virtual strain 
monitoring elements can be placed in the vicinity of the crack normal to the crack growth direction. As the crack tip 
crosses the monitoring point a sudden increase in the strain readings is noticed (Miron and Constantinescu 2011). As 
the distance between the monitoring points and the initial crack tip position are computed during the Digital Image 
Correlation processing we can accurately determine the crack growth during the experiment. Fig. shows the strain 
evolution as the crack crosses four different monitoring points situated at 3, 5, 8, and 11 mm from the initial crack 
tip position. 
Fig. 3. Strain evolution in the vicinity of the weld line as the crack tip crosses four measurement points. 
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The total work with respect to the crack length plot shows a linear response for all the tested samples. Sample 5 
was removed from the post-processing due to an unstable crack growth that occurred too early during testing. Fig. 4 
shows the experimentally determined results showing a specific fracture work of 4.67 mJ/mm2.
Fig. 4. External work vs. crack length. 
Further experiments were aimed at determining whether or not the mechanical properties of the weld line are 
constant along its length. Tensile samples were machined out of the injection molded plates and investigated at low 
rate. The geometry and position of the specimens are presented in Fig. 5. 
Fig. 5. Tensile testing sample geometry. 
The samples were tensile tested at rates of 0.01 mm/s and the obtained results are presented in Table 2 and Fig. 6. 
Table 2. Weld line results. 
Position Young’s Modulus (MPa) Maximum Stress (MPa) Strain at failure (%)
1 2530 26.0 1.58 
2 2730 28.1 2.77 
3 2600 29.1 2.00 
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Fig. 6. Stress – Strain response of the weld line samples at 0.01 mm/s loading rate.      
3. Numerical results 
The experimentally determined mechanical properties were implemented in a 2D plane stress numeric model of 
the injection molded plate having the size of 80 x 80 mm and section thickness of 3.8mm. The mechanical properties 
dependence with respect to the weld line position was implemented along with the specific fracture work. 
For the fracture growth modeling, the middle section of the plate was enriched with X-FEM rectangular elements 
having the size of 0.5 x 0.5 mm. An initial pre-crack having 2 mm length was considered. The exterior of the X-
FEM region was meshed with rectangular elements that increase in size to a maximum of 4 x 4 mm. 
The X-FEM method allows the crack to propagate freely along the mesh without need of remeshing (Bekytschko 
et al. 1999). The method allows the use of local enrichment functions to be included in the finite element 
formulation. When employed for fracture mechanics analysis the enrichment consist of near-tip asymptotic functions 
that capture the singularity around the crack tip and a discontinuous function that represents the jump in 
displacement along crack surfaces (Simulia 2013). Damage is modeled according to the cohesive traction-separation 
laws and uses as input the maximum stress and fracture energy. 
Comparison between the experimental results and the numerical results shows a slight undervaluation of the 
initial stiffness for the numerical model. This is most likely caused by the neglecting of fiber orientation mapping in 
the finite element model. From the prediction of the maximum force point there is a very good agreement between 
the simulation results and the experimental obtained values. Also damage evolution response curve is well described 
numerically (Fig. 7). 
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Fig. 7. Comparison between Experimental and Numerical results. 
4. Overview and future research 
From the experimental point of view the results show good reproducibility and the designed weld line plate will 
be used in the future experimental work. The critical force and displacement values are well correlated among the 
experiments. For low loading rates an image acquisition rate of 25 Hz is enough for the digital image correlation 
system to obtain a good acquisition rate. As the fracture mechanics tests were performed under quasi-static loading 
conditions, we consider increasing the loading rate for the mode I tests in order to see the strain rate dependency of 
the failure parameters. 
The numerical results obtained by mapping the mechanical properties variation along the weld line and using the 
computed specific fracture work show good agreement with the experimental results and the parameters established 
during this research will be further on implemented in the analysis of the injection molded components that we 
currently have under study. 
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